Abstract. The Standard Model of elementary particles is a theory unifying three of the four basic forces of the Nature: electromagnetic, weak, and strong interactions. In this paper we consider the Standard Model in the presence of a classical (nonquantized) gravitation field and apply a bundle approach for describing it.
Fermion fields of the Standard Model.
Fermion fields of the Standard Model are subdivided into two parts: lepton fields and quark fields. Lepton fields are subdivided into three generations. The first generation is represented by an electron e and an electronic neutrino ν e , the second generation is represented by a muon µ and its neutrino ν µ , and the third generation is represented by a tauon τ and its neutrino ν τ .
1-st generation 2-nd generation 3-rd generation
e-neutrino ν e µ-neutrino ν µ τ -neutrino ν τ electron e muon µ tauon τ Leptons participate in electromagnetic and weak interactions. These interactions are described by the U(1)× SU(2) symmetry which is spontaneously broken according to the Higgs mechanism. Moreover, they break the chiral symmetry on the level of Dirac spinors. This symmetry is often called the left-to-right symmetry, but we prefer to say the chiral-to-antichiral symmetry or simply the chiral symmetry (see some details in [1] ). We distinguish between lepton wave functions by mens of the generation index enclosed into square brackets: The indices in (1.4) means that we take the space-time manifold M equipped the appropriate complex vector bundles DM , UM , and SUM (see [2] ). The index a = 1, 2, 3, 4 in (1.4) is a spinor index associated with the Dirac bundle DM or, more precisely, with some frame (U, Ψ 1 , Ψ 2 , Ψ 3 , Ψ 4 ) of DM . The index α = 1, 2 is associated with some frame (U, Ψ 1 , Ψ 2 ) of the two-dimensional complex bundle SUM . Due to the presence of this index the wave functions (1.4) are said to be SU(2)-doublets. Three lower indices in (1.4) are always equal to unity because they are associated with some frame (U, Ψ 1 ) of the one-dimensional bundle UM . The antichiral parts of the wave functions (1.3) are SU(2)-singlets. Their components have one spinor index a and six U(1) indices equal to 1: (1.5)
By usual convention (see [3] ) antichiral (right) neutrinos are not considered. In this paper we follow this convention, though in some papers right neutrinos are introduced, e. g. in [4] . The wave functions (1.4) and (1.5) are chiral and antichiral in the sense of the following equalities relating them with the components of the chirality operator H: (1.6)
Here q = e, µ, τ is the generation index. The chirality operator H is an attribute of the Dirac bundle (see details in [1] ). In physical literature (see [3] as an example), when the flat Minkowski space is taken for the space-time manifold M , the chirality operator H is represented by the Dirac matrix γ Other Dirac γ-matrices are given by the following formulas (see (1.13) in [5] ): By means of the chirality operator H we define two projection operators:
Here id is the identity operator. Therefore, the components of the projection operators (1.9) are given by the formulas The indices a and b in (1.6), (1.7), (1.8), (1.9), (1.10), and (1.11) are spinor indices. They are associated with the Dirac bundle DM . The third index of the Dirac matrices represented by the numbers 0, 1, 2, 3 in (1.8) is a spacial index, it is associated with the tangent bundle T M . Like in the case of leptons, quark wave functions are subdivided into three generations according to the generation table (1.2):
ψ [2] , ψ [3] .
(1.12)
However, now we use a numeric index for generations, since ψ [1] describes both an up-quark and a down-quark. Similarly, ψ [2] describes a charm-quark together with a strange-quark and ψ [3] describes a top-quark together with a bottom-quark. Chiral and antichiral parts of the wave functions (1.12) behave differently with respect to the SU(2) symmetry. Chiral parts are SU(2)-doublets:
• ψ a1αβ [3] . (1.13) Note that in (1.13), in contrast to (1.4), we have one more index. The additional index β = 1, 2, 3 is responsible for color, it describes strong interactions of quarks. For antichiral parts of the wave functions (1.12) the index α is omitted:
. They are SU(2)-singlets. The wave functions (1.13) and (1.14) are chiral and antichiral in the sense of the following equalities:
The equalities (1.15) are analogous to (1.6). In terms of the projection operators introduced by the formulas (1.9) they are rewritten as
In this form (1.16) the identities (1.15) are analogous to the identities (1.11).
The Higgs field and the classical vacuum.
The classical Higgs field ϕ is a scalar field being SU(2)-doublet with respect to electro-weak bundle SUM . In a coordinate form, i. e. upon choosing some frame (U, Ψ 1 , Ψ 2 ) of SUM and some frame (U, Ψ 1 ) of UM , it is represented as
be some frame of the tangent bundle T M and let L Υ k be the Lie derivative along the vector field Υ k . Then we can define a covariant differentiation of the Higgs field ϕ through the following formula:
Covariant differentiations for the wave functions of leptons and quarks (1.4), (1.5), (1.13), and (1.14) are defined in a similar way:
, where q = e, µ, τ ;
, where q = 1, 2, 3;
, where q = u, c, t;
Here A α kθ and A 1 k1 are the components of some connections associated with the electro-weak bundles SUM and UM , while A α kθ are the components of some connection associated with the color bundle SUM . In Standard Model they are interpreted as the components of gauge fields.
Apart from the gauge field connections, in (2.3), (2.4), (2.5), (2.6), and (2.7) we see the components A a kb of the spinor connection. These quantities are due to the presence of a gravitation field. Unlike A 1 k1 , A α kθ , and A α kθ , the spinor connection components A a kb are not interpreted as gauge fields. They are uniquely determined by the metric tensor g in the base space-time manifold M (see [7] ).
The gauge field connections A, A, and A are related to the basic fields in UM , SUM , and SUM through the series of concordance conditions (see [6] ):
In a coordinate form the concordance conditions (2.8), (2.9), (2.10) are written as
Apart from (2.11), (2.12), (2.13), (2.14), (2.15), the tensor fields D and D are related to d and d by means of the following concordance conditions (see [2] ):
Each connection produces its curvature tensor. In the case of the gauge connections A, A, and A for the components of the curvature tensors we have
(see [6] ). Here c h ij are the parameters introduced through the commutation relationships for the frame vector fields Υ 0 , Υ 1 , Υ 2 , Υ 3 :
From (2.11), (2.12), and (2.14) we derive the following identities for the curvature tensors introduced by the formulas (2.17), (2.18), and (2.19):
Rk qij D pk = 0, (2.22)
Similarly, from (2.13) and (2.15) for (2.18) and (2.19) we derive
The equality (2.21) means that R 1 1ij given by the formula (2.17) is a purely imaginary number. The equalities (2.22) and (2.23) are more complicated. They mean that for fixed i and j the components of the curvature tensors (2.18) and (2.19) form skew-Hermitian matrices with respect to Hermitian forms D and D respectively.
The equality (2.25) looks rather complicated. However, for each fixed i and j it is equivalent to the following zero trace condition for the curvature tensor (2.19): 
In terms of (2.28) the equality (2.24) is equivalent to the symmetry conditions
The curvature tensors (2.17), (2.18), (2.19) are physical fields associated with the gauge fields A, A and A. There are the following identities for them: The existence of a classical gauge vacuum is provided by the definition 2.1. The problem of uniqueness of such a vacuum in the case of flat bundles as well as the possibility of non-flat vacua should be studied in separate papers.
From now on let's assume that some flat electro-weak and color bundles UM , SUM , and SUM are chosen and some flat gauge vacuum of them is fixed. Then for general non-vacuum gauge fields we write
Here e is the charge of an electron 1 , c is the light speed, and is the Planck constant. Below are the numeric values of these foundamental constants: 
Here ∇ i and ∇ j are vacuum covariant derivatives, i. e. they are calculated with respect to the vacuum electro-weak and color connections. In deriving (2.40), (2.41), and (2.42) from (2.17), (2.18), and (2.19) we used the following equality for the components of the Levi-Civita connection:
The equality (2.43) means that Γ h ij are the components of a torsion-free (symmetric) connection (see (2.8) in [6] ). The quantities c Relying upon the formulas (2.40), (2.41), and (2.42), now we introduce three tensor fields F, F, and F with the following components:
Due to (2.44), (2.45), and (2.46) the formulas (2.40), (2.41), (2.42) are written as
The concordance conditions (2.8), (2.9), and (2.10) should be fulfilled for both vacuum and non-vacuum connections in (2.36), (2.37), and (2.38). Therefore, from the formulas (2.11), (2.12), and (2.13) we derive
Similarly, from the formulas (2.14) and (2.15) we derive 
Fk qij D pk , (2.54)
Substituting (2.47) into (2.29), (2.30), and (2.31), we derive the following identities:
The identities (2.56), (2.57), (2.58) can be derived directly from (2.53), (2.54), (2.55) with the use of the formulas (2.32), (2.33), and (2.34). Let's denote by
, and L 3 = L 3 (F) the kinetic terms of the gauge fields in the action integral of the Standard Model:
Here dV is the 4-dimensional volume element in the base space-time manifold M :
Due to the identities (2.56), (2.57), (2.58) the integrals (2.59), (2.60), and (2.61) are real numbers. The coefficients preceding these integrals in (2.59), (2.60), and (2.61) are chosen by analogy to the Electrodynamics (see [8] ).
Definition 2.3. A Higgs field (2.1) is called a flat classical Higgs vacuum if
where the covariant derivatives ∇ k (see (2.2)) are determined by the flat connections forming a classical vacuum of gauge fields in the sense of the definition 2.2.
Due to (2.8) and (2.9) the conditions (2.63) are consistent with each other. Note that the Higgs field ϕ α111 has neither spinor nor tensorial indices associated with the tangent bundle T M . It is a scalar field with respect to Lorentz transformations. For this reason the flatness condition (2.35) fulfilled for the vacuum gauge fields guarantees the existence of local nonzero Higgs vacua. As for a global nonzero Higgs vacuum, its existence depends on the topology of the base manifold M and the electro-weak bundles UM and SUM over this base. Below we implicitly assume that at least one nonzero classical Higgs vacuum does exist. We denote it by ϕ [vac] .
For any given Higgs field (2.1) we denote by |ϕ| 2 the left hand side of the first formula (2.63) in the above definition 2.3:
In terms of (2.64) the potential of the Higgs field is written as
(see [3] ). Here λ and µ are two constants. They are parameters of the Standard Model. By analogy to (2.64) we denote by |∇ϕ| 2 the following expression:
The expressions (2.65) and (2.66) determine the potential and kinetic terms for the Higgs field in the action integral of the Standard Model:
Here |∇ϕ| 2 and V (ϕ) are given by the formulas (2.66) and (2.65), while dV is the 4-dimensional volume element given by the formula (2.62). Like λ amd µ, the constant m ϕ is a parameter of the Standard Model, it is interpreted as the mass of the Higgs field. Let's take the restricted action
The extremum of the restricted action (2.69) is determined by the following KleinGordon-Fock type equation for the scalar Higgs field ϕ:
The equation (2.70) has the trivial symmetric solution
However, apart from this trivial solution (2.71), we shall consider a nontrivial global solution described by the above definition 2.3:
Its existence is an assumption of the Standard Model when it is implemented on a non-flat space-time manifold M in General Relativity. Applying (2.63) to the equation (2.70), for the nontrivial Higgs vacuum we find
The constant (2.73) is denoted be v 2 /2. Then we can express λ through µ and v:
Having defined the gauge and Higgs vacuum fields, now we proceed to other matter fields, i. e. to leptons and quarks. Vacuum values of their fields are trivial:
(compare (2.75) and (2.76) with (1.3) and (1.12)). The formulas (2.75) and (2.76) mean that both chiral and antichiral components of vacuum fields (1.4), (1.5), (1.13), and (1.14) are zero.
Gauge transformations and perturbations of the Higgs vacuum.
Unlike the trivial Higgs vacuum (2.71), a nontrivial vacuum (2.72) is not unique. Applying some gauge transformation to a given one, we can get another nontrivial Higgs vacuum equivalent to it. Assume that some orthonormal frame (U, Ψ 1 , Ψ 2 ) of the bundle SUM is fixed (see definition in [2] ). Then the basic fields of this bundle D and d are given by the following constant matrices:
The concordance conditions (2.12) and (2.13) written for (3.1) then mean that for each fixed k the connection components A a ki form a matrix from the Lie algebra su(2) of the special unitary group SU(2). This fact reflects the SU (2) 
The SU(2) gauge transformation for the Higgs field ϕ is given by the formulas
where ω a ki is expressed through Ω α β according to the formula (3.2). Using (3.3) and (3.4) and taking into account (3.2), we derive
Due to (3.5) and (3.6), applying a gauge transformation (3.3) to some solution of the equation (2.70), we get a solution of the similar equation with respect to the transformed connection (3.4) . It is important to note that the initial and transformed connections in (3.4) have the equivalent curvature tensors, i. e. we can complement the formulas (3.3) and (3.4) with the formula
Due to the formula (3.7), if the initial gauge vacuum in (2.37) is flat, then the transformed gauge vacuum obtained by means of the formula (3.4) is also flat. Now let's consider a perturbation of the Higgs vacuum ϕ [vac] . It is a tensorial fieldφ associated with the bundles UM and SUM of the same type as ϕ[vac]:
Note that |ϕ| = 0. The perturbation ξ in (3.8) is assumed to be sufficiently small so that |φ| = 0. By analogy to (2.74) we denote
Due to (3.9) we can construct two tensor fields
and for each point p ∈ M treat their values as two vectors of the unit length in a two-dimensional Hermitian vector space (the Hermitian form of this space is given by the formula (2.64)).
Lemma 3.1. For any two vectors v andṽ of the unit length in a Hermitian space of the dimension 2 or higher there is a unitary operator Ω with the unit determinant
This lemma is a rather simple fact from the linear algebra. Its proof is left to the reader. Applying this lemma to the vectors (3.10), we find that there is a special unitary matrix Ω ∈ SU(2) and a gauge transformation (3.3) such that
The formula (3.11) means that each sufficiently small perturbation of the Higgs vacuum is decomposed into elongation and rotation parts and the rotation part is gauge equivalent to the initial vacuum. For this reason only elongation type perturbations of the Higgs vacuum are considered in the Standard Model (see [3] ):
Here χ is a real scalar field. It is also called the Higgs field. This terminology makes no confusion since both Higgs fields are closely related through the formula (3.12).
Symmetry breaking and boson fields recalculation.
From now on assume that some nontrivial Higgs vacuum is fixed. On fixing it we say that the initial SU(2) × U(1) symmetry is broken. However, some definite amount of this symmetry remains unbroken. Remember that ∇ϕ = 0 with respect to the vacuum connections in (2.36) and (2.37). Let's study those gauge fields A and A in (2.36) and (2.37) that preserve this equality:
Since ∇ k ϕ α111 [vac] = 0, the equality (4.1) reduces to a non-differential equality:
This equality (4.2) here should be treated as a complement to the concordance conditions (2.48), (2.49), and (2.50). In order to solve the total set of the equations (4.2), (2.48), (2.49), (2.50) we introduce a projector P[vac] with the components:
3)
The projection operator with the components (4.3) is an orthogonal projector since it is a Hermitian operator in the sense of the following equality:
Now, in addition to ϕ[vac], we introduce another field φ[vac] derived from it. This field can also be called the Higgs vacuum field:
The modulus of the field (4.5) is determined by the formula similar to (2.64): 
In a coordinate form the operator equality (4.11) looks like 
(4.14)
It easy to derive the following identities for the tensor fields (4.13) and (4.14):
In a coordinate-free form the identties (4.15), (4.16), (4.17), (4.18) are written as
In addition to (4.19) and (4.20), we have The expansion (4.25) is derived with the use of the formula (4.11) and the above identities (4.21), (4.22), (4.23), (4.24). Let's apply this expansion to the components of the tensor A in (2.37). As a result we get
(4.26)
Here A + k and A − k are the components of two fields which are SU(2)-singlets. Applying (2.49) and (2.50) to (4.26), we find that
In other words A + k and A − k are the components of two mutually opposite covectorial fields. The index k in (4.26) and (4.27) is a spatial index associated with the tangent bundle T M . In physical literature the following notation is a tradition (see [3] ):
The number 3 in (4.28) is not a tensorial index. In [3] and in many other books and papers it is set because A are the components of two covectorial fields W + and W − . These fields correspond to W -bosons. They are scalar fields with respect to the bundle SUM , i. e. they are SU(2)-singlets, but they are not scalar with respect to the one-dimensional bundle UM .
Thus the relationships (2.49) and (2.50) are resolved to (4.28) and (4.29). Let's apply (4.26) to (4.2). As a result, taking into account (4.28) and (4.29), we get
The formulas (4.30) show that there is a special combination of the gauge fields A and A which, upon substituting into (2.36) and (2.37), preserves the classical Higgs vacuum. The gauge field A is expressed through the gauge field A in this combination. In other words this fact means that the 4-dimensional gauge symmetry U(2) × U(1) reduces to 1-dimensional gauge symmetry U(1). However, this new U(1) symmetry does not coincide with the initial U(1) symmetry being a component in the direct product SU(2) × U(1). This residual U(1) symmetry in the electro-weak bundles SUM and UM is interpreted as a U(1) symmetry of the electromagnetism. In order to reveal this hidden U(1) em symmetry the following two real fields A and Z are introduced in addition to W + and W − :
The relationships (4.30) now mean that (4.2) is fulfilled provided 
In a similar way, from (4.31) for A 3 k we derive
Then we substitute (4.34) back into (4.28) and (4.26). As a result we get
(4.35)
The next step is to substitute (4.35) into (2.45). We do it in several substeps:
From (4.36) by means of alternation we immediately derive
For the differential part of the tensor F in the formula (2.45) we get
Now let's introduce the following notations analogous to (2.44):
In the case of the fields W + and W − we need more complicated notations: j1 are determined by the formula (4.33). Now we need to apply (4.39), (4.40), and (4.41) to (4.38), and combine (4.38) with (4.37) according to the formula (2.45). As a result we obtain
Thus, in (4.42) we have expressed the field F through the fields W + , W − , and Z corresponding to W and Z-bosons of the Standard Model and through the field A which is interpreted as the 4-dimensional vector-potential of the electromagnetic field. Our next goal is to express F through Z and A using the formulas (4.33) and (2.44). Substituting (4.33) into (2.44) and taking into account (4.39), we derive
Then we substitute (4.43) and (4.42) into (2.59) and (2.60) respectively. As a result for the sum of two integrals (2.59) and (2.60) we get
where L 11 and L 12 are standard kinetic terms for two real vector fields A and Z:
The term L 21 in (4.44) is a standard kinetic term for two mutually conjugate complex vector fields W + and W − (see (4.29)):
The term L 22 is a purely potential term responsible for the self-action of W -bosons:
The term L 23 is a mixed term responsible the interaction of W -bosons and photons:
The term L 24 is a mixed term responsible the interaction of W and Z-bosons:
The term L 25 is a potential term responsible for the interaction of W and Z-bosons:
The term L 26 is a mixed term responsible the interaction of W and Z-bosons:
(4.52)
The terms (4.49), (4.50), (4.51), and (4.52) are cubic with respect to fields. The terms (4.48) is the fourth order term. None of these terms can be treated as a mass term corresponding to the kinetic terms (4.45), (4.46), or (4.46).
Masses of boson fields.
In order to find the massive terms corresponding to the kinetic terms (4.45), (4.46), and (4.47) we consider again the elongation type perturbation of the Higgs vacuum (3.12). In a coordinate form it is given by the formula
Having non-vacuum Higgs field (5.1), we should apply non-vacuum covariant differentiation to it in (2.67), i. e. we should use non-vacuum connections (2.36) and (2.37) instead of purely vacuum ones. Then we get
Note that ∇ k in the left hand side of (5.2) is a non-vacuum nabla, while ∇ k χ is a vacuum covariant derivative applied to the real scalar Higgs field χ. Let's apply (4.26) to A α kθ in (5.2). As a result we derive
Now remember the formulas (4.28) and (4.31). Then (5.3) is rewritten as
Let's substitute (5.4) into the formula (2.66) and take into account (4.7) and the orthogonality condition (4.10). This yields
The next step is to substitute (5.1) into (2.64). As a result we get
Then we substitute (5.6) into (2.65) and derive
It is clear that V (ϕ) in (5.7) is a fourth order polynomial with respect to χ:
(5.8)
Due to the second equality (2.74) the term linear in χ in the above polynomial (5.8) does vanish. The polynomial V (ϕ) simplifies to
Before substituting (5.5) and (5.9) into (2.67) and (2.68), let's denote
Then, substituting (5.5) and (5.9) into (2.67) and (2.68) and using (5.10), we get
The terms L 41 and L 51 in the sum (5.11) are the kinetic term and the mass term of the real scalar Higgs field χ respectively. They are given by the formulas
In order to fit (5.12) and (5.13) the parameter µ in (5.9) should be chosen so that
The term L 42 in (5.11) is the mass term corresponding to the kinetic term (4.46):
Comparing (5.14) and (5.5), we derive the formula for the mass of Z-bosons:
The term L 43 in (5.11) is the mass term corresponding to the kinetic term (4.47):
Comparing (5.16) and (5.5), we derive the formula for the mass of W -bosons:
The term L 44 in (5.11) describes the interaction of Z-bosons with the real scalar Higgs field. It is represented by the following two integrals:
In a similar way, the term L 45 in the sum (5.11) describes the interaction of Wbosons with the real scalar Higgs field χ:
The term L 52 in the sum (5.11) describes the self-action of the Higgs field:
The last term L 53 in the sum (5.11) is a constant term:
Usually constant terms like (5.21) are omitted. However, we prefer to keep it in (5.11), since in a non-flat space-time manifold M it can contribute to the cosmological constant Λ (see [8] ). Unlike the sum (4.44), the interaction and self-action terms (5.18), (5.19), and (5.20) in the sum (5.11) are purely potential terms. They do not comprise the covariant derivatives of the fields Z, W + , W − , and χ.
The lepton masses.
Having derived the formulas (5.15) and (5.17) for the masses of Z and W -bosons, now we return back to the leptons represented in the table (1.1). The kinetic term for leptons in the total action of the Standard Model is written as follows:
Mass terms corresponding to (6.1) should yield masses for the electron, muon, and tauon, but their neutrinos should remain massless. For this reason mass terms for leptons are introduced through the interaction with the Higgs field:
Note that in (6.1) and (6.2) we used both doublet and singlet wave functions (1. 3) and (4.8) . Applying them to doublet parts of lepton wave functions and taking into account the equality (4.12), we get the expansion
Note that The singlet wave functions with the components (6.4) describe charged leptons: an electron for i = e, a muon for i = µ, and a tauon for i = τ .
The quantities
are the components of other three singlet wave functions. They describe neutral leptons: a e-neutrino for i = e, a µ-neutrino for i = µ, and a τ -neutrino for i = τ . These wave functions are chiral because antichiral (right) neutrinos are not considered in the Standard Model.
A remark. Charged leptons are distinguished from their neutral counterparts due to the nontrivial Higgs vacuum that breaks the initial SU(2) × U(1) symmetry.
The covariant derivatives ∇ q in (6.1) are complete non-vacuum covariant derivatives. They are evaluated according to the formulas (2.3) and (2.4), where the electro-weak connection components are taken from (2.36) and (2.37) including the components of the gauge fields A and A. Passing from non-vacuum to vacuum covariant derivatives in the formulas (2.3) and (2.4), we get
Before substituting (6.5) and (6.6) back into (6.1) let's apply (4.35) and (6.3) to (6.5). As a result we get the following expression:
In deriving the above expression for ∇ q 
Simplifying the right hand side of the formula (6.7) a little bit more, we find
Acting in a similar way, from (6.6) we derive the following formula:
(6.9)
The expansion (6.4) can be teated as the expansion of lepton wave functions into chiral and antichiral parts. Therefore, using (1.10), we write 9) and (1.10) . Now let's substitute (6.8) and (6.9) into (6.1). As a result, using the formulas (2.64), (4.6), (4.7) and the orthogonality condition (4.10), we derive
The first term L 61 in the right hand side of the formula (6.11) is a standard kinetic term for three spin 1/2 particles with electric charge Q in an electromagnetic field:
(6.12)
The electric charge Q for all charged leptons is given by the following formula:
Since one of the three particles described by (6.12) is an electron, its charge Q = −e. Therefore, from (6.13) we derive the following equality relating g 1 and g 2 :
Due to (6.13) and (6.14) the electric charge of all three charged leptons e, µ, and τ in the table (1.1) is negative and is equal to the charge of an electron:
The term L 62 in (6.11) is a standard kinetic term describing three electrically neutral leptons -e-neutrino, µ-neutrino, abd τ -neutrino:
Note that the wave functions of neutrinos (6.16) have only chiral components. Their antichiral components are zero. This is the sign of chiral-to-antichiral asymmetry of the Standard Model.
The term L 63 in (6.11) is a purely potential term. It describes the interaction of charged leptons with Z-bosons. Applying (6.10), we write
(6.17)
The presence of the components of chiral and anichiral projectors (1.9) in (6.17) is another sign of chiral-to-antichiral asymmetry of the Standard Model. The term L 64 in (6.11) is a purely potential term. It describes the interaction of electrically neutral leptons with Z-bosons. From (6.8) we derive
(6.18) Like (6.17), this term (6.18) also breaks the chiral-to-antichiral symmetry.
The term L 65 in the sum (6.11) is also a purely potential term. It describes the interaction of charged and neutral leptons with W -bosons:
The integral L 65 in (6.19) has the same sign of chiral-to-antichiral asymmetry of the Standard Model as the integral (6.16). Now let's proceed with the integral (6.2). It is a purely potential action integral. Substituting (6.3) into (6.2), we take into account (2.64), (4.6), (4.7), and the orthogonality condition (4.10). Apart from those mentioned above, we take into account the formula (3.12). As a result we get
The first term L 71 in the expansion (6.20) is a purely potential term. Moreover, it is a mass term. It determines the masses of three charged leptons -an electron, a muon, and a tauon in the leptons generation table (1.1):
The second term L 72 in (6.20) is very similar to (6.21). It is also a purely potential term describing the interaction of charged leptons with the real scalar Higgs field:
From (6.21) we derive the following formulas for the masses of charged leptons:
The lepton part of the total action integral is exhausted by (6.21) and (6.22). For this reason uncharged leptons are massless particles in the Standard Model.
The quark masses.
Quarks are represented in the table (1.2). Like leptons they are subdivided into three pairs (three generations). Like in the case of leptons, the chiral parts of quark wave functions form SU(2)-doublets, while their antichiral parts are singlets. Here is the kinetic term of the quark action integral:
The mass terms for the quark action integral are more complicated as compared to the case of leptons because of the generation mixing:
Like in (6.1) and in (6.2) for leptons, in the above two action integrals for quarks both singlet and doublet wave functions (1.13) and (1.14) are used. 
The chiral coefficients
3) are complementary to the antichiral wave functions (1.13) and (1.14). Indeed, we can define
The formulas (7.4) are analogous to (6.4). The wave functions introduced by means of the formulas (7.4) are interpreted as the complete wave functions of quarks:
The first line in (7.5) corresponds to upper level quarks, i. e. an up-quark, a charmquark, and a top-quark, the second line describes lower level quarks -a downquark, a strange-quark, and a bottom-quark. The covariant derivatives ∇ q in (7.1) are complete non-vacuum covariant derivatives. They are evaluated according to the formulas (2.5), (2.6), and (2.7), where the electro-weak connection components are taken from (2.36), (2.37), and (2.38) including the components of the gauge fields A, A, and A. Passing from non-vacuum to vacuum covariant derivatives in (2.5), (2.6), and (2.7) we get i e g 3 c
The formula (7.11) is analogous to (6.8). When substituting (7.9), (7.10), and (7.11) into (7.1) we take into account the equality (6.14). Then we get
The first term L 81 in the right hand side of the formula (7.12) is a standard kinetic term for three spin 1/2 particles in an electromagnetic field: (7.14)
Looking at (7.14), we see that all upper level quarks, i. e. an up-quark, a charm-quark, and a top-quark (see Similarly, looking at (7.13), we find that all lower level quarks, i. e. a down-quark, a strange-quark, and a bottom-quark have the same negative electric charge Q = − 1 3 e. (7.16) Compare (7.15) and (7.16) with (6.15) in the case of charged leptons e, µ, and τ . The term L 83 in (7.12) is a purely potential term. It describes the interaction of lower level quarks with Z-bosons. From (7.10) and (7.11) we derive The term L 84 in (7.12) is also a purely potential term. It describes the interaction of lower upper quarks with Z-bosons. From (7.9) and (7.11) we derive The term L 85 in (7.12) is a purely potential term describing the interaction of upper and lower level quarks with W -bosons. From (7.11) we derive The quark terms (7.17), (7.18), and (7.19) in the action integral are analogous to the terms (6.17), (6.18), and (6.19) in the case of leptons. Note that the terms responsible for interaction of quarks and gluons are comprised within the kinetic terms (7.13) and (7.14) . This means that the color symmetry SU (3) is not broken. Now let's proceed with the integrals (7.2). They are responsible for the masses of quarks. Substituting (7.3) into (7.2), we derive
The first term L 91 in the sum (7.20) is written as follows: The term (7.21) is a mass term for quarks. However, in general case, using it, one cannot prescribe masses to individual quarks. Let's consider a special case, where the diagonal elements of the coupling constants matrices are real constants:
In this special case, where the equalities (7.23) are fulfilled, we can write
(7.24) Since (7.27) implies (7.23), the formulas (7.26) for quark masses are valid in this case too. Unlike (7.21) and (7.22), the action integrals (7.28) and (7.29) preserve the chiral-to-antichiral symmetry. However, this makes no difference for the Standard Model in whole since there are many other terms in the total action integral that break this symmetry.
Conclusion.
The main purpose of this paper is to explain the Standard Model of elementary particles in a little bit non-standard way different from that traditionally used in physical literature. In two previous papers [2] and [6] three special complex vector bundles over the space-time manifold M were introduced and studied. These bundles provide a geometric background for describing the Standard Model in the case of a non-flat space-time manifold M , i. e. in the presence of a gravitation field. The actual description of the Standard Model in terms of these three bundles is given in the present paper.
